Introduction
In 2007, a financial crisis emerged from the U.S. financial system, namely from the banking sector with the bankruptcy of Lehman Brothers. As a result, the fiscal imbalances of several countries grew in such a way that caused a sovereign debt crisis, beginning in Greece and then affecting all Euro-area countries, especially the peripheral countries such as Portugal, Italy, Ireland and Spain.
In addition to this more bleak economic performance, a controversy arose in 2010 from the findings of the Reinhart & Rogoff (2010) study about the effect of government debt on economic growth. Discussions regarding the evidence of mistakes in this paper fuelled the debate. Even though economists and policymakers had focused their main debate on this central macroeconomics question, there has been no precise definition of the real source of this problem in economic and policy discussions to date.
The multiple attempts taken by governments up to now have, in effect, just prolonged poor economic performance, and have increased costs in general for societies. Citing Buchanan (1966) , the actual discussion around public debt has been a "murky battleground". In his article, Buchanan presents an important point, which could be the main question faced by social scientists and politicians: "When and who pays for public expenditure financed by debt issue, instead of by taxation or the printing of money?" Wright (1943) says that even though "our problem, let me again repeat, is not:
Can deficits someday roll up an intolerable debt? Our problem is: What are the maladjustments that are making continued deficits necessary? (…) Are the taxes too heavy or too light, or are they poorly distributed and levied?"
In contrast with this reality, economic theory tells us that government debt could be an important vehicle for inducing economic growth, and this paper assesses this hypothesis. Besides this interaction, we also want to study possible evidence of an inverted U-shape relationship between debt and growth.
Our main results show that debt has a detrimental effect on growth, although the debt service represents a larger damaging consequence for growth. We also find evidence of debt thresholds around 75% and 74% for annual and 5-year average growth rates, respectively.
The remaining of this paper is organised as follows. Section Two provides a literature review of the related theoretical viewpoints and empirical studies. Section
Three presents the methodology, several robustness tests, the data and its sources.
Section Four provides the empirical analysis. The last section presents the conclusions. 4 ratio is over 90%, the economies' growth rates are on average one percent lower than otherwise.
When exploring the influence of high public debt on long-run growth, based on a panel data of advanced and developing countries over 38 years, Kumar & Jaejoon (2010) reach two important conclusions: an inverse relationship between initial debt and growth; and the possibility of some non-linearity effects of debt on growth. Reinhart & Rogoff (2011) compiled a database of domestic debt which allows for a better comprehension about the question as to why economies default on external debts at low thresholds of public debt. Afonso & Jalles (2013) analyse the linkages between growth, public debt and productivity, throughout the analysis of 155 countries between 1970 and
2008. The authors conclude that there is a negative effect of debt ratio and financial crisis on economic growth. Furthermore, higher debt ratios could benefit Total Factor Productivity (TFP) growth.
Another empirical study that contributes to understanding the role of public debt in economic growth is provided by Cecchetti et al. (2011) , who analyse the debt damage effect for 18 OECD countries over a 30 years' time span, reaching a 85% government debt-to-GDP ratio threshold.
However, whilst investigating the same causality, but this time for twelve Euro area countries between 1990 and 2010, Baum et al (2013) conclude that there is a threshold at the 67% public debt ratio (above 95% there is a negative impact on economic growth) and that interest rates are pressured upwards when debt ratio is greater than 70% of GDP. Checherita-Westphal & Rother (2012) study twelve Euro area countries from 1970 until 2010, and conclude that the negative effect of government debt on growth starts between 70% and 80%, and private saving, public investment and TFP are the channels where public debt is found to have a non-linear impact on growth. Introducing some political variables, Elgin & Uras (2012) relate the higher informal sector size with a higher probability of sovereign default risk and a country's public indebtedness for 155 countries, using data from 1960 until 2008. Heylen, et al (2013) , when analysing 132 fiscal episodes for 21 OECD countries over a twenty-eight year period, reach the conclusion that: consolidation programmes of public debt reduction are more successful when they are followed by product-market deregulation and when they are adopted by left-wing governments. Labour market deregulation could have an effect to the contrary on debt reduction, as well as causing wage bill cuts (this last point is only effective when government efficiency is low).
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Gnegne & Jawadi (2013) investigate public debt and its dynamics for the UK and the USA, which proved to be asymmetric and nonlinear, concluding that public debt seems to be based on several threshold effects, which helps to understand its dynamics with more accuracy. Certain, macroeconomic events such as economic slowdowns, debt and financial crisis, as well as oil shocks, have proved to be important factors linked with structural breaks in public debt dynamics. In Kourtellos et al. (2013) , a structural threshold regression methodology is used to investigate the heterogeneity causalities of public debt on economic growth. Reviewing the effect of political variables, the authors highlight the evidence of an inverse relationship of democracy degree on threshold effects.
In the related literature on the sustainability of public finances, Westerlund & Prohl (2010) examine both public revenues and expenditures for eight OECD countries through a non-stationary panel data approach, for which the sustainability hypothesis is not rejected by the authors. Fincke & Greiner (2011) study the reaction of primary surplus (in percentage of GDP) to variations in debt to GDP ratio for some Euro area countries. When considering the group of PIIGS countries, their results show that only
Ireland, Portugal and Spain give the impression of following a sustainable debt policy.
For Greece, the conclusion of a sustainable debt policy is rejected, whilst for Italy, the results are slightly dubious. On the other hand, Afonso and Rault (2010) , use a panel analysis, to conclude that fiscal sustainability is an issue in some countries, but that fiscal policy was sustainable both for a EU15 panel set, and within sub-periods (1970-1991 and 1992-2006) .
Using a Keynesian framework, Leão (2013) affirms that under the full employment level, a rise in public spending may diminish the level of public debt-ratio. Teica (2012) , for instance, proposes an analysis of public debt sustainability in the Euro area countries and states that debt sustainability can be achieved throughout a mix of budgetary and fiscal policies, to reduce budget deficits and increase primary balances. Wahab (2004) and Kolluri & Wahab (2007) Afonso & Jalles (2012) , using a panel data of developed and emerging countries over 39 years, found lower economic growth in the presence of increased fiscal policy volatility.
Government spending presents symptoms of rigidity, when compared with revenue during financial crisis periods.
Methodology and Data

Analytical Framework
This study uses the neoclassical growth model as the essential framework,
represented by the aggregate production function Y=F (K,L) , where Y is the aggregate output, K is the capital stock (both human and physical), and L is the labour force or population. Admitting the hypothesis of heterogeneity across economies, and therefore the existence of different steady states from the analysis of this production function, the concept of convergence arises. According to Barro & Sala-i-Martin (2004) , "an economy grows faster the further it is from its own steady-state value" or, in other words, the model expects that economies with a lower starting value of real per capita income tend to grow faster than economies with higher values of real income.
However, we consider different variables, especially the government debt-to-GDP ratio, as there are other aspects that can explain the convergence phenomena, rather than just considering the initial per capita income. The aggregate production is now F= (K,L,D) , D being the debt-to-GDP ratio variable, which can be represented by the following equation:
,..., 1 ; ,..., 1 ,  are unknown coefficients to be estimated.
In order to study the non-linearity effect of government debt on economic growth, we add the squared debt-to-GDP variable:
Moreover, we will add several variables described in Section 3.3, in order to determine the effect of debt-to-GDP ratio in real per capita income, whilst interacting with the above-mentioned variables.
Econometric approaches
Panel techniques
Instead of using cross-section methods to analyse the public debt effects on growth, we use panel data techniques to compute those dynamics on real per capita growth. One of the important advantages of using panel data estimation is that it highlights individual heterogeneity, if there are some differentiating features across cross-sections. These particularities might not be constant across time, in such a way that time series or cross-sectional approaches do not take this heterogeneity into account, which leads to biased results. With respect to data panel techniques, the other advantages that are especially important for our study are: 1) the availability of a large data set, which allows for the identification and more accurate measurement of the individual effects of the sample, contrary to cross-section and time-series methods; 2) less co-linearity, and; 3) a greater efficiency in obtaining the estimation results.
On the other hand, we should also stress some of the problems related with panel data approaches, such as: 1) the possibility of an impact caused by unobserved 8 heterogeneity; 2) the lack of some particular data 2 and; 3) biased estimators due to incorrect specification of the model. We should especially take into account problems related with endogeneity and cross-section dependence.
Heterogeneity
In order to analyse the unobserved effects presented in equation (1) 
Endogeneity
As mentioned earlier, the endogeneity problem is one of the main issues that arises from panel data analysis. Should it be present in regressors, then one of the main objectives is to solve this problem, in order to obtain unbiased estimators.
Endogeneity can emerge from omitted variables, measurement errors or simultaneity. This problem could lead to a rejection of "Type 1 errors", or cause a failure when we reject the null hypothesis. Country-specific properties may be responsible for some unobserved omitted variables, such as, for instance, the misspecification of the model and the natural consequence of obtaining biased estimators, but this specific effect does not solve the potential problem of endogeneity.
The Two Stage Least Squares estimator (2SLS) enables the correction of this problem of endogeneity, even for multiple endogenous explanatory variables.
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According to Wooldridge (2009) inflation crises (INFLATIONC); and stock market crashes (STOCKMARKETC) as dummies that take the value "1" for the specific year in which the referred crises occurred). Another variable from the same source that we take into account is crises tally (CRISESTALLY), which represents the sum of each crisis in a particular year.
Lastly, applying the criteria of (Afonso, 2005) , we built Euro-zone (EURO), Maastricht
Treaty (MAAS) and Stability and Growth Pact (SGP) dummies (the variable takes the value "1", for each year the country is affected by such an event). The descriptive statistics for all variables can be found in Table A1 , in Appendix A. 
Empirical Analysis
We use two dependent variables: the real per capita GDP annual growth rate, and the 5-year average of real per capita GDP growth rate. In the latter case, that variable takes into account the cyclical fluctuations in the real GDP path. In this study we use several explanatory variables to understand the behaviour of economic growth in the presence of public debt, as described before in sub-section 3.3. As government debt will be interacting with different types of variables, we decided to group them into four 8 The referred is available to download on http://www.rug.nl/research/ggdc/data/penn-world- Table   9 The collected variables are available on http://www.reinhartandrogoff.com/data/browse-bytopic/topics/7/. We would like to thank Mr. Kenneth S. Rogoff who, due to the lack of data in the referred website, provided me with such data. 10 It is important to highlight that some variables which are the logarithmic growth rates (computed by the author) of those variables not presented in this sub-section, are, in fact, shown in the Table of the descriptive statistics. To identify those variables, the suffix "GR" is added to the final of the respective variable acronym.
Debt-growth relationship
Looking at all the results, we can confirm the existence of the β-convergence process. The expected negative coefficient for the real per capita GDP is obtained and, in most cases, that coefficient is statistically significant at 99% level, meaning that the countries used in our sample converge for their own steady-state in the analysed time span. In the case of 5-year average of economic growth, some coefficients have a positive signal, but once they have no statistical significance for growth (with at least a 90% level of significance), the relevance of those coefficients is not discussed.
In both cases of annual and 5-year average growth rates, we obtain the expected negative sign for the debt coefficient. The detrimental effect of the debt-to-GDP ratio is around -0.01% for each level of 1% of government debt. For example, the level of debt in Greece in 2011, which was about 170.32% 11 , has a negative impact of about -1.7%.
Regarding interest rates variables, short-term nominal interest rate presents a statistical significance in the majority of the regressions, with a positive sign at the 99% level in both cases of annual and 5-year average growth rates. It is likely that this means that an increase in short-term interest rates could lead to higher saving, and thus greater creation of capital, in order to leverage growth rates in the short term. On the other hand, long-term interest rates have a negative sign (see Table 1 ) 12 .
Regarding the results of the influence of debt on real growth, and the interaction with public finance variables, the main factor to highlight is the debt service coefficient.
It is notable that the results in all regressions exhibit a large detrimental impact for growth when compared with the debt variable by 10 times, in absolute terms (see Table   3 ) 13 . Primary budget balance, cyclically adjusted primary balance and total budget balance all have the expected positive sign, which follows on from the theory that balanced public finances contribute positively to economic growth.
However, institutional variables demonstrate that countries belonging to the Eurozone suffer a decrease in growth of more than -0.5%, with cases where this event presents an even more negative impact of -1%. The number of crises occurring in a certain year has a negative sign, as could be expected.
In addition, the banking crisis has the most negative crisis effect on economic growth, representing a negative effect on growth of more than -1%. Although stock 11 This information was obtained from Appendix A -Data Statistics. 12 Other results regarding monetary variables are available in Tables B1, B2 and B3 of Appendix B.  13 Appendix B, Tables B4, B5 and B6, also show the results related to public finance variables.
13 market crashes are bad for growth, they present themselves as not being statistically significant. Inflation crises and currency crises also have an undesirable and expected effect, the latter representing crises with about half the negative effect of inflation crises.
Another important result to mention is the positive impact of the Stability and Growth Pact (SGP), which leads to the conclusion that the SGP led to better performance of public finances and consequently, to a positive impact on economic growth.
However the Maastricht Treaty had a dubious effect on the dependent variable, and, in most cases, it is not significant, at a minimum of 90%.
14 Analysing the results of the macroeconomic variables presented in Table 4 14 , we can observe that taxation on capital and profit presents a negative sign when statistically significant. Thus, this allows us to speculate about the possible burden of this type of taxation, given that less wealth would be available to generate more capital. On the other hand, the values obtained for taxation on goods and services do not follow the same constant pattern, as they assume positive and negative statistical results.
Another interesting result is with regards to the growth rate of credit to the private sector. When this variable present a statistical significant coefficient, it induces a reduction in economic growth of more than 0.01% per each 1% increase of credit.
According to Sassi & Gasmi (2014) , this result is due to the proportionally larger amount of credit given to households, rather than to firms. The values reported in this paper confirm our results, in the sense that the effect of householder credit on real per capita GDP is negative and it has a major role, in absolute terms, on economic growth. This is in contrast to firms, wherecredit is used to invest in productivity, in that the growth of credit to households is followed by financial instability, as well as an increase of external debt. A positive effect for the growth rate of per capita GDP is created by several variables, namely: annual growth rate of gross fixed capital formation; current account balance; trade openness; average hours worked; and urbanisation rate. Contrary to these results, the following have an undesirable effect on economic growth and are significant in statistical terms: net liabilities, life expectancy, the level of government expenditure and its annual growth rate, and the unemployment rate.
According to economic theory, the output gap and total factor productivity variables present positive coefficients when the same are significant. In fact, a 1% output gap beyond potential GDP will contribute to more than 0.5% of per capita GDP growth rate. Inflation, which is considered to be a detrimental factor for real economic growth rate, follows a consistent pattern in the majority of cases, presenting the expected negative effect on growth in the regressions displayed in Tables 4, B10, B11 and B12.
Another result that needs to be highlighted is the fact that the level of population and the labour compensation per unit of labour have an important and positive explanation in the long-run (these results are only valid for regressions with 5-year average per capita growth rate as a dependent variable). Even though the unit labour 14 Other results associated with macroeconomic variables are in Tables B10, B11 and B12 in Appendix B. costs variable is significant, both in the short and long term, its effect differs across time -in annual terms, labour costs are negative for growth, but for a 5-year average, they have a positive effect on economic growth. Lastly, human capital and the stock of capital do not present a constant sign across the several econometric tests, which do not lead us to a feasible conclusion for these two variables.
Non-linearities of government debt on growth
As seen in the previous section, government debt has a negative effect on growth, both during the short and long term. Despite this tendency, some papers study the existence of a non-linear relationship between debt ratio and economic performance.
As already mentioned, the evidence of an inverted U-shape is also detailed in our paper.
The threshold is associated with the level of government debt that most contributes to economic growth. Supposing a threshold of 60% of public debt-to-GDP ratio, for each additional increment of debt of 1% from that point forward, the positive effect of debt on growth will consequently be lower, as its level continues to increase. These positive threshold effects may be related to the preference of governments to release capital for the private sector and not to rely only on taxation. This way governments are able to stimulate investment and consumption by companies and households.
By adding the squared debt-to-GDP variable, equation (2) allows us not only to study the non-linearity effect of government debt on economic growth, but also to analyse the values of government debt thresholds. Firstly, we calculate these thresholds only when both coefficients of debt and debt squared are statistically significant, at least of 90% level; secondly, we derive equation (3); and thirdly, we equalise to zero the first-derivative to obtain equation (4):
To obtain the debt thresholds, we expect a negative 3  , i.e., a concave function of public debt effect on economic growth -the inverted U-shape. We present some results for thresholds 15 in Tables 3 and 4. Although we obtain threshold values that range from 49.49% to 108.24%, which depend on the econometric method used and on the set of variables, on average, the most observed threshold value is about 74.84% for annual growth rates.
For the 5-year average growth rate, we obtain a maximum effect of debt on growth of 74.44%, which is a similar value to the one we obtained for annual growth rates.
However, when we analyse the estimated coefficients for the debt and debt- 11.936 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% level respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic.
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Conclusions
Today academics and all factions of political spectrums debate the role of government debt on economic growth, and it seems that we live in a "time of debt". But the present "time of debt" that we are experiencing largely arose when the 2007 crisis emerged, with the bankruptcy of the some of the biggest financial companies in the world led to experiencing all of its consequences. What appeared to be a banking and financial crisis has become a sovereign debt crisis, which has affected in particular the peripheral countries of the Eurozone.
In this paper we have analysed the effect that government debt has on real per capita GDP growth, both annually and with 5-year average rates. We have also determined the effect of other variables when interacting with sovereign debt-to-GDP ratio.
For 14 European countries over 43 years , we can conclude that, as is usually affirmed, debt is negative for growth, both in the short and long-term. In addition to this fact, we highlight the process of convergence between our sample of countries. Turning to interest rates, short-term interest rate has a positive effect on growth, which is contrary to the case of long-term rate. When we analyse both debt-to-GDP ratio and debt service variables, the latter has a much more negative effect on economic performance when compared with debt.
Contrary to the signature of the Stability and Growth Pact, for which we have found evidence of positive contributions to the economy after it had a disciplinary effect on public finances, the signature of the Maastricht treaty, together with the introduction of the Euro were both institutional events that led to lower economic growth. We also stress the fact that a banking crisis is the worst type of crisis that can occur in an economy.
Another important conclusion is that when debt interacts with macroeconomic variables, we find evidence of the unfavourable effects of taxation on capital and profit and the growth of credit to the private sector, as well as on government expenditure. On the other hand, total factor productivity, current account balance and urbanisation are examples of variables that contribute positively to growth.
Finally, we provide results that show the existence of an inverted U-shape relationship between debt ratio and economic growth. During the computation of the two average thresholds for this non-linear relationship, we obtained annual and 5-year average growth rate thresholds of 75% and 74%, respectively. Therefore, and according 23 to these values, governments could keep debt levels under these values in order to avoid sovereign debt crises similar to those that most countries in our sample have recently experienced.
Although the effect of debt is undesirable, governments have to trade-off the increment of debt to stimulate aggregate demand and consequently growth. Debt would not be the main point on the political and academic agenda, if each economy possessed sufficient and structural mechanisms to deal with it. Surely the best way to prevent negative speculation about sovereign debt by financial markets is to concentrate on how efficiently each economy could improve its economic path, as can be seen in the case of Greece, Ireland and Portugal -all of which are countries that have recently experienced a severe period of economic austerity. 20.862 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. Table B5 : The non-linearity effect of public debt on real GDP growth rate, with public finance variables. 265 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. Table B6 : Growth equations with debt linear effect on real GDP growth rate and with public finance variables, 5-year average. 15.241 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. Table B7 : Growth equations with debt linear effect on real GDP growth rate and with institutional variables. 6.499 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% level respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. 635 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% level respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. 146 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the Durbin-Watson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. 11.078 Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% level respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heteroskedasticity, except for the Generalised Least Squares methodology. The DW-statistic is the DurbinWatson statistic and the Pesaran CD statistic is the Pesaran cross-section dependence statistic. 
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